INTRODUCTION
A small, defective, generalized transducing bacteriophage (CA3) has been detected in culture supernatants of the nitrogen-fixing hydrogen bacterium Xanthobacter autotrophicus GZ29 (Wilke & Schlegel, 1979) . Mutants of X . autotrophicus GZ29 were obtained which had a greatly reduced CA3-dependent gene transfer activity, but nevertheless gave rise to recombinants if cell contact was permitted during the cross. Evidence is presented in this report that this second natural genetic system in X . autotrophicus resembles conjugational gene transfer in other soil bacteria and that it can be used in chromosomal mapping in this physiologically specialized bacterium. Table 1 ; they were isolated as described previously (Wilke & Schlegel, 1979) .
METHODS

Strains. These are listed in
Growth conditions. The mineral medium of Schlegel et al. (1961) was used. It was solidified with 1.2 % (w/v) agar (Difco). As principal carbon source 0.5 % (w/v) sucrose was added. For autotrophic growth, cultures were incubated in an atmosphere of 10 % 02, 10 % C 0 2 and 80 % HB, and for growth on methanol (0.1 %, v/v), in an atmosphere of 10 % CO, and 90 % air. For fixation of molecular nitrogen, cultures were grown in ammonium-free mineral medium in an atmosphere of 25 % air and 75 % No. NB sucrose medium was mineral medium supplemented with Difco nutrient broth (8 g 1-l) and sucrose (5 g 1-l).
Transduction assay. The transduction assay with bacteriophage CA3 was performed as described previously (Wilke & Schlegel, 1979) .
Plate muting technique. For plate mating, two complementary strains were grown on NB sucrose agar for 48 h and then a loopful of bacteria from each strain was mixed on a NB sucrose plate on an area of about 2 cm2 and grown for 48 h. The area of growth was scraped off with an inoculation loop and suspended in sterile 10 mM-potassium phosphate buffer, pH 7.0. Samples were plated on the selective media as well as on NB sucrose agar for colony counting. For determination of unselected markers, 250 yellow (car-]+) and 250 white (car-]) colonies of the selected class were transferred to the same medium as well as to agar plates each selective for one additional marker. * CF, Culture filtrate of the donor culture.
R E S U L T S
Detection of a second gene transfer system in Xanthobacter autotrophicus GZ29 Among a number of autotrophic-negative mutants of X . autotrophicus some were found to have a greatly reduced gene transfer activity as well as a reduced number of CA3 phage particles in their culture supernatants. It is supposed that the reduced gene transfer activity is due to a general instability of CA3 expression and is not a specific character of aut mutants (Wilke & Schlegel, 1979) . The gene transfer activity of two of these mutants, GZ29 R1023 and R1033, when used in transduction experiments, was reduced by a factor of one thousand compared with the parent strain GZ29 R1 (Table 2) . However, plate mating of both autotrophic mutants on NB sucrose medium followed by selection on autotrophic medium after 48 h yielded many more Aut+ colonies. This not only showed that both aut mutations were separable by recombination but also favoured the search for a genetic system in X . autotrophicus GZ29 distinct from the CA3 (or another) transduction system. Since neither crude nor purified DNA gave rise to prototrophic recombinants in X . autotrophicus GZ29 a gene transfer system was suggested that is based on direct cell contact, i.e. conjugation. 
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x GZ29 S101332 phe-1 ade-f nif-1 + Characterization of the new gene transfer system Multifactor crosses were performed to elucidate the nature of the new gene transfer system. Bacteria were mixed on NB sucrose medium and after 48 h growth were plated on selective medium using one selective marker against each parent strain. The use of N B sucrose medium for plate mating was necessary to repress transduction when CA3-producing strains were involved in a cross (the nutrient broth supplementation reduced the transduction frequency by three orders of magnitude). Prototrophic or antibioticresistant recombinants were found with frequencies of lo-' to parent cells. For all markers except the two antibiotic markers str-l and r f -1 the ratio of revertants to recombinants was less than Most of the recombinants found differed only in the selected marker from the corresponding parent strain, indicating that both partners functioned as donor as well as recipient. However, whereas no cotransfer of known markers was detected by CA3 transduction (Wilke & Schlegel, 1979), after plate mating recombinants occurred which carried more than one donor marker. The percentage of double recombinants depended on the unselected marker. Double recombinants, therefore, were due to transfer of relatively large pieces of chromosomal DNA, as is typical for conjugation, rather than to a random multiple transfer event.
The linkage frequencies of selected and unselected markers, derived from seven multifactor crosses (Table 3) show that the unselected colour marker car-l was not normally involved in recombination. Therefore most of the car-l recombinants of a cross were Table 3. progenies of the car-1 parent and vice versa for the car-1+ recombinants. For recombination analysis, therefore, 250 car-1f and 250 car-1 recombinants of each selected marker pair were scored and tested for their unselected markers. By this procedure a high number of progeny from each parent could be analysed, even when the transfer ratios of the two selected markers differed markedly. Linkage frequencies of those few recombinants differing from the corresponding parent strain in the selected plus the car marker were calculated by considering the ratio of car-l +/car-l progeny among the selected recornbinants. Linkage frequencies between two markers differed depending on which marker was selected (Table 3) . Furthermore, the linkage frequencies in repeated crosses between the same partners differed considerably. The analysis of linkage frequencies in multifactor crosses of X . autotrophicus GZ29 therefore yields no absolute marker distances. Besides a high number of double recombinants, up to 20% of the selected recombinants were found to differ in three or four out of seven markers from the corresponding (i.e. the most probable) parent strain, indicating that multiple crossovers were relatively frequent.
Gene ordering
The frequencies of co-inheritance of selected and unselected markers were used to construct a linkage map showing two groups of closely linked markers (Fig. 1) 
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250 colonies with the selected marker pair and colour class were tested for unselected markers, linkage frequencies of less than 2% were not used for map construction. The ordering of markers was based on the assumption that linkage frequency and marker distance are inversely proportional. All markers of the linkage group met-6-car-1 except moh-1 could be ordered in this manner. moh-1 was so closely linked to aut-023 that its position relative to phe-1 and trp-1 was difficult to determine. The relative position of the markers str-1 and aut-101 in the second linkage group was also uncertain (Fig. 1) . The position of str-1 between met-9 and ade-1 was derived from double recombinant analysis (Table 4 ). The number of met+str-1 ade+ recombinants (double crossover) compared with met+str+ade+, met +str+ and ade+str+ recombinants (single crossover) was low. Furthermore, when met +str-I or ade+str-1 recombinants were selected no met +ade+ progeny (double crossover) were found. str-1 was probably closely linked to ade-1, since relatively more ade+str+ than met+str+ double recombinants were found and the ratio of met+str+ade-1 recombinants (single crossover between str-1 and ade-1) to met+str+ade+ progeny (exchange of the complete region) was low. The position of aut-101 between met-9 and str-1 was derived from the fact that no strf colonies were found among the met+aut+ recombinants, whereas the exchange of the str marker was normal among the ade+aut+ recombinants (Table 4) . Between the two groups of closely linked markers no significant linkage was detected. In addition, no linkage was found between nif-1 and leu-1 and any other marker ( Table 3) .
The two autotrophic markers aut-023 and aut-I01 belonged to different linkage groups (Fig. 1) . Four more autotrophic markers could be associated with one or the other linkage group. Three mutations were linked to trp-1 and rif-1 and therefore, like aut-023, probably belonged to the linkage group met-6-car-I. The fourth aut marker, like aut-101, was linked to met-9 and therefore could probably be included in the linkage group met-9-ade-I ( Table 5) . 
D . W I L K E
D I S C U S S I O N
The occurrence of prototrophic recombinants in plate mating experiments between Xanthobacter autotrophicus mutants with greatly reduced CA3 phage production led to the detection of a second gene transfer system in this bacterium. Whereas no CA3-mediated cotransduction was found earlier (Wilke & Schlegel, 1979), plate mating produced large numbers of double and multiple recombinants. The number of double recombinants among the selected colonies differed with the unselected marker. The apparent transfer of large segments of chromosomal DNA, as well as the fact that the linkage frequencies obtained fitted into a common recombination analysis (Hopwood, 1972) , indicated that a normal bacterial conjugation system existed. Up to now, two groups of closely linked markers and some unlinked markers have been found.
The conjugational gene transfer occurred with low frequency. An increase or reduction by mutation or treatment with curing agents was not successful. N o cell surface structures facilitating cell contact formation during mating were detected by electron microscopy. The high number of double and even multiple recombinants at generally low transfer frequencies may indicate that cell pairing and not transfer of chromosomal material is the limiting step in this genetic system.
The application of the new system for genetic mapping has been demonstrated, Strains R1023, R1036, R1065 and R1077 could not grow autotrophically and had no hydrogenase, phosphoribulokinase or ribulosebisphosphate carboxylase activity (results not shown). The mutations causing this phenotype were linked to ?up-1 and rif-1 of the linkage group met-4-car-1.
Strains R1101 and RllO3 could neither grow autotrophically nor on methanol as growth substrate. Both strains had a normal hydrogenase activity but were defective in the Calvin cycle enzymes phosphoribulokinase and ribulosebisphosphate carboxylase (results not shown). This phenotype was also caused by a single mutation, since all aut+ transductants were also mohf and vice versa. The aut mutations of RllOl and R1103 were linked to met-9 of the second linkage group.
Using both genetic systems of X . autotrophicus GZ29 it should be possible to analyse the structural and regulatory genes of complex metabolic pathways like autotrophy, nitrogen fixation and methanol consumption in this Gram-negative bacterium. 
R E F E R E N C E
